One of the efforts in minimizing energy consumption chiller type air conditioning system is the use of phase changing material in secondary refrigerant. Secondary refrigerant functions to obtain heat from the air to cool a room and to release heat in chiller evaporator. Based on working temperature of secondary refrigerant, the fluid can flow in liquid form, and can also be in fluid solid form or slurry at the temperature of its phase change. This research studies the effect of temperature toward flow characteristics, with the parameter analyzed being the pressure decrease and friction coefficient. Besides that, in order to support data analysis, it was initiated by viscosity testing, density and concentration of solid mass. Data taken were viscosity, density, solid mass concentrate, and pressure difference found in copper pipe. Data were taken for several fluid temperatures, and at pressure decrease was added by variation of flow speed. Hydrate salt tested were CaCl2 and Na2HPO4. Viscosity and density increased with the decrease in temperature. The formation of solid particles within phase change temperature range also gave an impact on the increase in the value of viscosity and density. Pressure drop increased when using hydrate salt fluid. The use of CaCl2 solution resulted in the highest pressure decrease. This salt hydrate has far higher viscosity and density compared to water. This has an effect toward an increase in pressure drop. This increase started to be significant in the phase change temperature area in which solid particle started to form. The same thing happened in the friction coefficient value.
Introduction
Air conditioning system is much used in housing and commercial building sectors, such as offices, hotels, hospitals and shopping centers. Energy consumption in this system is considered to be the highest between around 38% and 65% [1] , [2] , [3] , so a development to minimize electricity energy consumption is needed. One of the methods being developed at present is the use of PCM in secondary refrigerant.
One of the parts in the research on PCM development for the application in this secondary refrigerant is the study of flow characteristics. This study has needed to be conducted since the using of PCM in secondary refrigerant influence the characteristics of fluid such as density and viscosity. Besides that, in the temperature range of phase change, fluid flows in the form of two-phase flow of solid-fluid or slurry. In air conditioning system PCM experiences formation process of solid particles in the chiller evaporator and the process of melting in the fan coil unit (FCU) or in air handling unit (AHU). The change in properties surely affects the pressure drop in the piping system and gives an impact in the pump energy utilized.
From several studies, they illustrate that the rate of viscosity and density increases with the use of phase change material. Huang et.al. (2010) used PCM of commercial paraffin namely RT 6 and when compared to water, it had higher viscosity rate, but the density was lower [4] . Ma et.al. (2010) using tributhyl ammonium bromide (TBAB) also had higher viscosity and density compared to water [5] . Besides that, the use of PCM also has an impact in the increase in pressure drop. Abbassi et.al. (2010) showed the incident of increase in pressure drop due to increase in solid mass concentration in ice slurry [6] . Indartono et.al.
(2006) discovered an increase in friction coefficient due to the use of PCM from trimethylolethane (TME) [7] . Fluid density and viscosity greatly affect pressure drop. Increase in viscosity rate results in increase in pressure drop [8] .
In order to obtain viscosity rate from testing using viscometer, capillary pipe can be calculated by using the following equations.
(1)
where D is the diameter of capillary pipe, P is the decrease in pressure, L is length of capillary pipe, and u is the velocity of fluid flow. Decrease in pressure can be identified by experiment and calculation using equation of mayor head losses. The value of friction coefficient is a non-dimensional numeral which is used to show the nature of fluid dynamic toward flow losses. 
Dodge and Metzner created a semi empirical correlation equation for fully developed flow in flawless pipe and non-Newtonian flow, as shown in Eq. (10) [10, 11] . In this equation, Reynolds numeral used is one that has been modified by Metzner and Reed, as shown in Eq. (11) . In this equation parameter K and n is inserted in which K is fluid consistency coefficient and n is flow behavior index.
While Buckingham-Reiner made a correlation equation to predict value of friction factor in nonNewtonian fluid of laminar flow, as shown in Eq. (12) [12] . In this equation, a parameter in the form of Hedstrom value is used, as shown in Eq (13) .
Materials and Experiment
This research is an experimental study in which the fluid used in it was salt hydrate from CaCl2 and Na2HPO4. The fluid composition and nature are summarized in Table 1 . Testing was divided into two parts namely property testing related to viscosity, density and concentration of solid mass, also flow losses testing. Testing equipment of PCM properties was viscometer capillary type, as shown in Fig. 1 . Viscometer used capillary pipe with a diameter of 3mm, length of 790mm. Variation of water level in the reservoir was controlled at 910, 960, 1005, and 1055mm. The temperature of test fluid was also maintained by distributing water with the same temperature in the outer part of the line of viscometer, thus thermal energy from the surrounding air could be absorbed by the water. To get a flow rate that varies was done by adjusting the height of the fluid in the pipe reservoir in viscometer. To keep the height of the fluid used in order to remain exhaust valves were channeled back into the cooling bath. After the height of the fluid in the pipe reservoir constant then testing was done to accommodate fluid out of the viscometer for a certain time interval. From the test results was obtained by the mass flow rate of fluid, and then processed to obtain shear stress and shear rate. From the comparison of these two values was obtained for each temperature viscosity testing. Meanwhile, to measure the density was done by using pycnometer sized 200ml. Test fluid inserted into pycnometer and then measured its mass. From the comparison between the mass and volume of the fluid density was obtained for each temperature testing. Solid mass in the slurry have been taken using a sieve with a mesh size 20. The mass of solid particles was measured and then compared to the overall sample mass slurry to obtain a solid mass concentration. To identify the characteristics of hydrate salt flow, a test was then conducted on test equipment with a scheme shown in Fig. 2 . The parameter in this test covered fluid type, fluid temperature, and flow rate. Temperature variation of fluid is at one phase condition which is 20 o C, and at temperature range of phase change: 5 o C, 10 o C, and 15 o C. While flow rate variations in testing were 3lpm, 6lpm, 9lpm, and 12lpm. Measuring tools used were as follows: for temperature, using thermocouple type K and thermometer data logger with the brand Luthron type BTM-4208SD; fluid flow debit, using electromagnetic flow meter with the brand Omega type FMG92; and pressure difference, using manometer U with mercury fluid. Pressure difference was measured in copper pipe of 9.3mm diameter with length of test part of 3.2m. The temperature of the test fluid in the cooling bath was controlled by using thermo controller to get the testing temperature. Retrieval of pressure drop data has been taken at the time of the test section inlet temperature as desired. To maintain the temperature throughout the test pipe, then the whole pipeline installation has been coated with an insulator.
Result and Discussion
Characteristic analysis of hydrate salt flow in the temperature range of phase change needs to consider rate of density and viscosity of fluid. In this part, salt hydrate characteristics at phase change temperature and pressure drop take place in this condition.
Salt Hydrate Properties in Phase Change Temperature
Hydrate salt formed from Na2HpO4 and CaCl2 has higher density compared to water. Level of viscosity of both hydrate salts are higher compared to water, as shown in Fig. 3 . When hydrate salt is still in one phase that is liquid, temperature decrease from 20 o C to 15 o C does not give a significant impact yet toward increase in viscosity. However, when the temperature decreases starting from 14 o C increase in viscosity Flow meter seemed to be significant. Besides that the viscosity rate is compared to TBAB viscosity data obtained by Hasimoto et. al. (2012) [14] , and viscosity rate of micro encapsulates phase change material (MPCM) from n-tetradecane produced by Alvarado et. al. (2004) [15] . The viscosity rate of hydrate salt of this test result has similar tendency as TBAB and MPCM viscosity. Its fluid condition is relatively the same that is in the form of slurry, in which the lower the temperature, the thicker the slurry and the higher the viscosity. Viscosity of salt hydrate from Na2HPO4 increases with a decrease in temperature, as shown in Fig. 4 . The same thing applies for fluid density. This density is also included as a factor affecting the viscosity rate, thus increase in density gives impact on viscosity increase. Besides that also a decrease in temperature causes hydrate salt to form solid particles. In this hydrate salt, solid particles were already formed at 3% at a temperature of 16 o C and continues to increase with the decrease in temperature and is starting to be less increasing at a temperature of 6 o C. When the fluid has turned into slurry, the rate of viscosity increased significantly. This is the same phenomenon that occurs in the fluid slurry of nanoparticles. As researched by Rimdusit, et.al. (2011) using benzoxazine monomer and nano particles of SiO2, where increasing concentrations of nanoparticles has improved viscosity value [16] . The relation of fluid temperature toward viscosity for salt hydrate from Na2HPO4 can be written in the form of Eq. (14) . While for density, it is written in the form of Eq. (15) . (14) (15) . 
Pressure Drop in Phase Change Temperature
The utilization of salt hydrate fluid in the piping system causes increase in pressure drop, as shown in Fig. 6 . Salt hydrate from CaCl2 gives greater effect toward increase in pressure drop compared to salt hydrate from Na2HPO4. This material has density and viscosity which was far greater compared to salt hydrate from Na2HPO4. A different thing is shown by salt hydrate from Na2HPO4, in which the pressure drop is a little higher compared to water, because the viscosity and density rates are slightly higher compared to water. Pressure drop for hydrate salt fluid from CaCl2 in each temperature is shown in Fig. 7 . From the curve, it can be seen that the lower the temperature, the pressure drop increases. This is explained by temperature curve toward viscosity shown in Fig. 7(a) . In the same Reynolds number, there is an increase in pressure drop with the decrease in temperature. The increase becomes more significant with the increase in Reynolds number. The increase in pressure drop is caused by the increase in rate of viscosity and density. Besides that, there is formation of solid particles in fluid thus the flow is in the form of slurry causing pressure drop to increase also. Friction factor for both hydrate salts is shown in Fig. 8 . This rate is calculated from data of testing result using Darcy-Weisbach equation then compared to the rate of friction factor from several equations. For low concentrations, some researchers conclude still classified as Newtonian fluids, such as ice slurry with a concentration of 6-15% [17] . So this equation can be used to predict the friction factor. This equation also exact equation, so that can perform calculations on the data of test results. Some researchers are using this equation into account besides to the equation for Non-Newtonian fluid. Among them are Komono et.al (2013) using ice slurry [18] , Indartono et.al (2006) using fluid trimethylolethane [7] , and Chen at.al (2014) using microencapsulated phase change material from paraffin [19] . Based on the above salt hydrate of Na2HPO4 still allowing assumed as a Newtonian fluid at a temperature of 5°C due to the concentration of the solid mass of only 9.1%, but for the salt hydrate of CaCl2 already exceed the concentration limits. Friction factor for hydrate salt from CaCl2 at a temperature of 10 o C can be approached with Snoeck equation, since having an almost similar figure. In this equation, the concentration of solid mass is included as variable. While friction factor for salt hydrate from Na2HPO4 is more suitable to be approached with Thomas equation. This is due to viscosity and density rates which are not much different to water and besides that also the concentration of its solid mass is not too much at lower than 10%.
(a) PCM from CaCl2 (b) PCM from Na2HPO4 
Conclusions
Hydrate salt has higher viscosity and density rates compared to water. Increase in these rates is significant at temperature of phase change. In this condition, the formation of solid particles in fluid takes place thus density and viscosity of fluid increase. This is also a factor that causes increase in pressure drop which is significant in a temperature decrease. Friction factor rate of test and calculation result with Darcy-Weisbach equation can be approached with Snoeck equation for hydrate salt from CaCl2, and Thomas equation for hydrate salt from Na2HPO4.
